BACKGROUND: Some high-grade urothelial carcinomas (UCs) in urine cytology can have jet black, smooth, or glassy chromatin, but to the authors' knowledge, the incidence and criteria for diagnosis are not well described. The current study was performed to define the incidence and appearance of high-grade UC in urine cytology in cytospin preparations with jet black and smooth or glassy chromatin. METHODS: Cytospin preparations from 331 cases with biopsy follow-up (230 benign/low-grade UCs and 101 malignant UCs) were reviewed. RESULTS: Cases with malignant cells with jet black and smooth or glassy chromatin were identified in a total of 60 cases (59.4% of all malignancies). These comprised 18 carcinoma in situ cases, 28 high-grade papillary UCs, 8 invasive UCs, 3 squamous cell carcinomas, 2 adenocarcinomas, and 1 melanoma. Of the 93 high-grade UCs, 51 (54.8%) had cells with either jet black and smooth or glassy chromatin. These cells were the only type of malignant cell in 6 of 101 cases (5.9%). All cases had at least 50 cells with jet black nuclei.
INTRODUCTION
Urine cytology is a highly accurate test for high-grade urothelial carcinoma (UC), with a sensitivity and specificity as high as 79% and 95%, respectively, [1] [2] [3] [4] although this can vary widely. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] The Paris System for Reporting Urinary Cytology proposes a standardized terminology [18] [19] [20] [21] [22] [23] that only seeks to diagnose high-grade UC. 18 To accomplish this, this system uses a single set of strict diagnostic criteria derived from the literature for all high-grade UCs: 1) at least 5 to 10 abnormal cells (at least 10 in the upper tract) 8 ; 2) a nuclear/ cytoplasmic ratio > 0.7 12, 24 ; 3) moderate hyperchromasia 8, 25, 26 ; 4) irregular nuclear membrane 12, 24 ; and 5) coarse clumped chromatin. 11, 25 To be diagnostic (ie, "positive for malignant cells"), a case must meet all 5 criteria. Other "notable cytologic features" are cellular pleomorphism, marked variations in cellular size and shape, scant pale or dense cytoplasm, prominent nucleoli, mitoses, necrotic debris, and inflammation, but to our knowledge their usefulness in classifying cases is not clearly defined.
We have noted that with cytospin preparations, many high-grade UCs have very dark, jet black chromatin that is smooth rather than coarsely clumped, thus failing to meet the Paris System criteria. We also have noted that occasionally these dark nuclei have a glassy appearance reminiscent of Decoy (polyomavirus) cells. 27 The Paris manual illustrates similar cases. 18 Several other images in the chapter regarding suspicious cells also might represent similar cells, but appear better preserved (all of which were liquid-based preparations) than the cells we have noted (all of which were cytospin preparations). Our experience is that even though these cells often appear markedly degenerated and lack the coarse clumped chromatin required by the Paris System criteria, they often can if not usually be diagnosed as "positive for malignancy" based on their cytologic features and high cellularity. To further assess this, we sought to determine the incidence and appearance of highgrade UCs with jet black and smooth or glassy chromatin in urine cytospin preparations.
MATERIALS AND METHODS
All urine cytology specimens from 2006 through 2012 with corresponding biopsy results obtained at the same time as the urine specimen (all instrumented urine specimens) were reviewed. The medical record also was reviewed for clinical diagnoses including urolithiasis. The results of the biopsy were taken as the gold standard. Cases in which the patient had a negative biopsy and either a history of high-grade UC or subsequently developed highgrade UC in the following 2 years were excluded because the "truth" in these cases was not clear. For comparison, all cases of true polyomavirus infection (based on a combination of clinical history and ancillary testing) in our system also were reviewed.
The histologic diagnosis of high-grade UC was made based on the most current International Society of Urological Pathology criteria at the time. 28 All urine specimens were processed as 2 cytospin preparations stained with Papanicolaou staining and hematoxylin and eosin.
RESULTS
Cytospin preparations from 331 cases with biopsy followup (230 benign/low-grade UCs and 101 malignant UCs [22 carcinoma in situ cases, 52 papillary cases, 19 invasive UC, and 8 other malignancies]) were reviewed.
Cases with malignant cells with jet black and smooth chromatin (54 cases), glassy chromatin (1 case), or both (6 cases) were identified in a total of 60 cases. These comprised 18 carcinoma in situ cases, 28 high-grade papillary UCs, 8 invasive UCs, 3 squamous cell carcinomas, 2 adenocarcinomas, and 1 melanoma. Of 101 malignant cases, 57 (excluding low-grade UC) (56.4%) had cells with either jet black and smooth or glassy chromatin. Of 93 high-grade UCs, 51 (54.8%) had these cells. These cells were the only type of malignant cell in 6 of 101 cases (5.9%). All cases had at least 50 cells with jet black chromatin. No cells with these features were identified in any of the benign cases.
Compared with normal urothelial cells ( Fig. 1 ), the nuclei with jet black chromatin often were smaller, often but not always elongate, not uncommonly had sickleshaped or half-moon-shaped nuclei, usually were accompanied by necrosis, and could be distinguished from benign cells based on their irregular and often pointed nuclear outline (Fig. 2) . In some cases, reactive cells could be somewhat elongate, but rarely were truly jet black and generally had rounder edges if they were elongate. In addition, in tumor cases, the elongate cells were much more frequent than in reactive cases. Finally, the vast majority of cells with jet black chromatin had nuclear/cytoplasmic ratios much higher than 0.7, but the actual ratio was not measured in the current study.
Cells with glassy chromatin often were larger than normal urothelial cells, had relatively round nuclei, also had frequent necrosis, and could be distinguished from Decoy (polyomavirus) cells by their relatively high cellularity, irregular nuclear outline, and the presence of malignant cells with more typical features of malignancy (Fig. 3) . Nevertheless, there were individual malignant cells (see the second row, fifth cell in Fig. 3 ) that by themselves (without other types of malignant cells or cellularity) were difficult to distinguish from Decoy cells.
For comparison, we reviewed 5 cases of true polyoma infection. All such specimens had <10 abnormal cells and the abnormal cells lacked the nuclear outline irregularity observed in cases of high-grade UC.
DISCUSSION
The primary purposes of the Paris System is to standardize terminology and to reinforce the recommendation 29 that cytologists should concentrate on diagnosing high-grade UC rather than low-grade UCs. 18 To accomplish this, the Paris System proposes a single, simple set of diagnostic criteria for high-grade UC, which suggests that all high-grade UCs look alike; indeed, most of the illustrated cases in the chapter regarding high-grade UC at least to us appear very similar. 18 This does not match our experience. High-grade UC has multiple different patterns, and if one is limited to a single set of diagnostic criteria, some of these cases will be missed. Fortunately, however, the majority of these patterns are illustrated in the chapters entitled "Suspicious for High Grade Urothelial Carcinoma" and "Atypical Urothelial Cells," suggesting that rather than missing these types of malignant cells, cytologists who use the Paris System will simply not diagnose cases such as this as being positive for malignant cells." 18 In this study, we determined that malignant urine specimens can have cells with jet black and smooth or glassy chromatin as often as 56% of the time, and these cells were the only malignant cells in the specimen approximately 6% of the time. The majority of these cases were high-grade UC, but similar cells were noted in both squamous cell carcinoma and adenocarcinoma. As such, these other tumors do represent a diagnostic pitfall and this particular pattern is not entirely specific for UC. However, we believe this pattern is a relatively common, although not exclusive, pattern of high-grade UC. Most important, we found the criteria we define for these cells to be specific for malignancy, and thus believe that many of these cases can be diagnosed as "positive" rather than "suspicious" or "atypical."
Although we believe the criteria we define herein are specific for malignancy and most commonly are found with high-grade UC, we do not propose that every urine case with these features needs to be diagnosed as positive. That diagnosis rests on the assessment of the entire case, not just one type of cell. In most cases with these features, there are other types of malignant cells in the specimen, so it is unusual for one to be forced to make a diagnosis only on the basis of these types of cells, although these types of cells essentially are always very abundant. In cases with jet black smooth chromatin, the single best additional criteria are nuclear outline irregularity. Although it is true that "tubular cells" also can have jet black chromatin, the nuclei of these cells typically are very round and very small. Occasionally, reactive cells can be indented or elongate, but generally the chromatin is not jet black and, if elongate, the ends of the nuclei are more rounded rather than pointed; these are rare cells in the specimen and the cell may appear folded up onto itself. In contrast, the cells of high-grade UCs often are quite abundant and have elongate nuclei with 1 or multiple points, and these nuclei are often sickle shaped or half-moon shaped. We have not seen these changes (irregular nuclear outlines, nuclear points, sickle-shaped and half-moon-shaped nuclei) in any cases of degeneration that did not have a high-grade tumor in it, and thus we believe these are relatively specific criteria.
When the nuclei have glassy chromatin, the single best criterion again is nuclear outline irregularity. In some cases, one can see actual points, but sickle-shaped or halfmoon-shaped nuclei are much less common than in cases with jet black chromatin. The nuclei of Decoy cells infected with polyomavirus typically have very round and smooth nuclear outlines and are usually not as common as the malignant cells with glassy chromatin. In addition, as with cells with jet black chromatin, there usually are other types of more typical malignant cells in the specimen. Nevertheless, in some cases, the additional diagnostic features (nuclear outline irregularity and cellularity) may not be convincing, and it may not always be possible to distinguish malignant cells of this type from cells infected with the polyomavirus. A diagnosis of "suspicious for malignancy, rule out polyoma infection" may be the best diagnosis for such cases.
There are differences between the current study and the majority of the studies that have evaluated the Paris System. First, we only studied instrumented urine specimens that were performed at the time of the biopsy. Whether the incidence of these findings is the same in voided urine or in instrumented urine specimens that are not accompanied by a biopsy is not known. Second, the majority of the publications regarding the Paris System used liquid-based preparations; in contrast, the specimens in the current study were all cytospin preparations. Although no differences in overall accuracy have been identified using the Paris System with both types of preparations, 30 there still may be more subtle differences between the 2 methods. 30 For example, based on the illustrations in the Paris System manual, liquid-based preparations appear to have more groups and fewer single malignant cells than cytospin preparations. 18 More specifically, it appears that these highly degenerated cells may appear better preserved in liquid-based preparations than in cytospin preparations. As a result, the chromatin that appears smooth and jet black in cytospins may retain a more textured and coarse appearance in liquid-based preparations that may allow it to meet Paris System criteria. Further comparison of these processing methods appears warranted. Malignant urothelial cells in urine cytology with jet black and smooth or glassy chromatin are common and can be diagnosed as "positive for malignancy" based on their irregular nuclear outline, cellularity (50 abnormal cells), and accompanying necrosis.
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